The menace of cholera epidemic occurrence in Yemen was reported in early 2017. Recent reports revealed that an estimated 500,000 people are infected with cholera whereas 2,000 deaths have 
INTRODUCTION
Cholera is an acute diarrheal disease caused by Vibrio cholera which is transmitted to humans through the ingestion of contaminated food or water. Recent reports revealed that an estimated 500,000 people are infected with cholera whereas 2,000 deaths have been reported in 
DISTRIBUTION OF DIARRHEA AND CHOLERA IN YEMEN
The distribution of diarrheal diseases in Yemen is more common as a result of the absence of clean water, considered one of the main factors behind the increase in diarrheal diseases. It has been reported that contaminated water contributes significantly to the distribution of diarrhea. UNICEF () indicated that, globally, 2,000 children under the age of five die every day due to diarrheal diseases in which 90% of the deaths are directly linked to poor sanitation and contaminated drinking water. articles on cholera outbreaks but none of the studies were conducted in Yemen. As such, there seems to be a dearth of information on this epidemic in Yemen. Therefore, this work represents one of the few studies on the cholera outbreak in Yemen. In comparison, according to the papers published, it was noted that among 61 articles published in the Arabic region, 36.6% of the studies were conducted in Saudi Arabia, which is the nearest country to Yemen. It has been reported that only one article was published in Egypt, which focused on the prevalence of V. cholera in the environment (Lotfi et al. ) , while the others focused on the development of vaccines, the diagnostic process for cholera, and virulence factors of V. cholera. Precautions to prevent the spread of pathogens causing the occurrence of cholera outbreaks in Yemen and its surrounding developing countries have been overlooked. Hence, it is important to examine possible preventive measures in order to prevent the spread of cholera.
According to MPHP ()
,
IMPROPER MANAGEMENT OF WASTEWATER IN YEMEN
Yemen is the least developed country in the Middle East in terms of the management of solid waste and wastewater. On the other hand, human activities are contributing significantly to water pollution as wet markets and slaughterhouses generate enormous amounts of wastewater during the washing process. Open food markets which sell poultry, fish, meats, fresh fruit, and vegetables are also associated with wastewater production. These wastewaters are discharged directly into the drainage system without treatment. As a result, the wastewaters serve as an important source of water pollution due to the high concentrations of nutrients which might cause eutrophication. Nevertheless, in Yemen, the wastewaters generated from different sources are disposed into drains along with storm and rain water into a large dam (Al-Gheethi et al. b) . In Taiz (one of The treated secondary effluents are stored in metal tanks until utilization. Rotaviruses, adenoviruses, reoviruses, caliciviruses, and astroviruses have been found in wastewater. These viruses are obligate intracellular parasites, and more resistant to treatment processes and the environment than bacteria.
Therefore, they pose an important risk to humans but are rarely a problem for other animals due to their low-dose infectivity (<10 viral particles) (Asano ).
SOLID WASTE MANAGEMENT IN YEMEN
The biological hazard inherent in solid waste should be con- 
MICROBIAL PATHOGENS IN DISPOSED WASTEWATER AND REUSED WASTEWATER IN YEMEN
The disposal of sewage and wastewater into the environment is common in Yemen. In coastal cities such as Aden, sewage is discharged into the sea. In contrast, the disposal of these wastes into the valley is common in mountainous cities such as Sana'a (Al-Gheethi et al. ). In the villages, untreated sewage is discharged directly into the drainage system due to the absence of a sewerage network and centra- Clostridium perfringens produces enterotoxin and cytotoxin that cause diarrheal and necrosis diseases, respectively. C. difficile is another species which is classified as the third bacteria to cause diarrhea after Salmonella spp. and S. aureus. V. cholera is usually found in raw seafoods.
They normally live on the outer surface of fish and other types of seafood. It has been reported that V. cholera can be transmitted into kitchen wastewater during the washing process of these foods (Vinnerås et al. ) . This process reduces the nutrients in wastewater and prevents the occurrence of eutrophication in water bodies that receive discharged wastewater.
The phycoremediation system is more applicable for individual usage at village houses. Mohamed et al. () reported that phycoremediation uses two tanks (storage and bioreactor tank) with a total capacity of 200 L/day.
The maximum treatment period of the phycoremediation process is 21 days for 1,400 L of wastewater. As a result, the capacity of a storage tank is supposed to be 2,100 L although more than one phycoremediation tank can be used with a total capacity of 2,100 L. The flow rate of graywater into the phycoremediation tank is 139 mL min À1 . One of the advantages of the phycoremediation process is that energy is not required for the performance of the system. This could perhaps be an advantage for people residing in a village area where energy sources are scarce.
Microalgae are used as dry mass to facilitate the utilization by people in the villages. The microalgae are inoculated only at the fixation stage of phycoremediation to initiate a semi-continuous operation of the process. Furthermore, the biomass generated during the phycoremediation process can be used as a source of biodiesel, food for animals and fish as well as fertilizers.
The bio-carrier system is another simple decentralized treatment system which removes pollutants and pathogens by introducing a novel consortium of fungi and microalgae species to antibacterial agents. The utilization of these organisms as free biomass leads to low efficiency due to the distribution of the organisms in wastewater. As a result, the best alternative is to upload the fungal and microalgae cells to the bio-carrier material ( Figure 6 ).
Bio-carriers have been reported to have high intensity, resistance to shear and shock, as well as being capable of loading microorganisms for the biodegradation of pollutants (Chen et al. ) . The inactivation of pathogens has also been ascribed to bio-carriers. Bio-carriers are known to be innocuous, nontoxic, recyclable, and effective in reducing or eliminating secondary by-products which improves the quality of natural water.
The design of non-centralized treatment systems is simple and therefore requires fewer personnel to operate the treatment system and lower maintenance. This is an alternative graywater treatment technology that has low cost, zero energy consumption, and high efficiency. Biocarrier systems depend on natural processes, low-cost materials and do not require frequent maintenance or repair. The use of natural processes and locally available materials in the development of bio-carriers would be suitable for people with low incomes. This will encourage the use of bio-carriers for the treatment of wastewater before discharging it into the environment.
In retrospect, the outbreak of cholera in Yemen was due to the absence of potable water. The filtration system is conceivably an alternative method that is effective and economical for rural dwellers. The application of a filtration system will perhaps reduce water pollution and protect the public from V. cholera infections. In addition, the filtration system is designed using natural materials such as sand, wooden saw dust, charcoal, and coconut shells which will be affordable for the low-income group in Yemen. Current research has shown that the combination of reused materials and new materials including clamshells, limestone, and ceramic to design a simple and effective filter bed filtration unit will contribute effectively to the reduction of cholera infections (Mohamed et al. ) . It has been reported that 54% of the population in Yemen is living below the poverty line and earning less than $1.25 per day, with 40% currently unemployed. These explain the reasons for cholera occurrences in the last six months in Yemen.
CONCLUSION AND PERSPECTIVE
It has appeared that the outbreak of cholera in Yemen was due to the improper management of wastewater as well as a lack of facilities required for high-quality wastewater treatment. Clinical wastes contribute effectively to the distribution of pathogens into the environment and water systems. More studies are required on the cholera outbreak in Yemen, especially among solid waste management workers because they could be cholera carriers.
